INTRODUCTION thermal time, the relationship under field conditions is
The role played by environmental factors in determining the phyllochron, or rate of leaf appearance, in grass crops such as wheat, barley (Hordeum vulgare L.), corn (Zen mays L.) and rice (Oryza sativa L.) has been the subject of extensive research. It is widely accepted that temperature primarily controls the phyllochron, with light (photoperiod, and to a lesser degree, quality and intensity) being a secondary factor in certain cultivars (e.g. Porter and Delecolle, 1989; Kirby, 1995; Wilhelm and McMaster, 1995; McMaster, 1997) . Less important are factors such as water, C02, nutrient availability and salinity, and these factors must usually reach a threshold before reduced rates of leaf appearance are observed (e.g. Maas and Grieve, 1990; Longnecker et al., 1993; McMaster et al., 1999) . Effects of temperature on leaf appearance rates are usually quantified using some form of thermal time. Air temperature above the canopy has most frequently been used to calculate thermal time (in growing degree-days, GDD). When describing the phyllochron as a function of air viewed as linear, particularly for temperatures near 20 "C (e.g. Hay and Wilson, 1982; Klepper et al., 1982; Hunt and Chapleau, 1986; Frank and Bauer, 1995; Kirby, 1995; Porter and Gawith, 1999) . However, growth chamber experiments and some field experiments have shown that under closely controlled conditions the phyllochron has a curvilinear response to temperature (e.g. Friend et al., 1962; Peacock, 1975a, b; Cao and Moss, 1989; Hay and Delecolle, 1989; Slafer and Rawson, 1997; Van Esbroeck, 1997) . Occasional changes (either an increase or decrease) in the phyllochron near the developmental growth stage of double ridge have been reported (e.g. Baker et al., 1986; Hay and Delecolle, 1989; Boone et al., 1990; Hay and Kemp, 1990; Cao and Moss, 1991; Rickman and Klepper, 1995) , but predicting the conditions that cause these shifts, as well as the degree and direction of the shift, is currently impossible. A number of equations to predict the phyllochron have been evaluated (Bindi et al., 1994; McMaster and Wilhelm, 1995) , but it is clear that the mechanisms controlling the phyllochron are not well understood, and predicting the phyllochron 
